Best Available Copy 

JEuropSisches Patentamt 
European Patent Office © Publication number: 0 149 878 

Office europeen des brevets A1 



© EUROPEAN PATENT APPLICATION 



© Application number: 84300405.2 ® IntCI. 4 : B 29 C 55/02 

- B 29 C 55/16 

(22) Date of filing: 24.01.84 



@ Date of publication of application: 


©Applicant: TORAY INDUSTRIES, INC. 


31.07.85 Bulletin 85/31 


2, NIhonbashi Muromachi 2-chome Chuo-ku 




Tokyo 103(JP) 


© Designated Contracting States: 


© Inventor: Yoshimura, Hiroshi 


DE FR GB 




10-B2-14, Sonoyama 2-chome 




Otsu-shiShiga-ken, 520IJP) 




@ Inventor: Tagaml, Yuichi 




13-29, Akao-cho 




Otsu-shI,520(JP) 




© Representative: Ellis, John Clifford Holgate et al. 




MEWBURN ELUS & CO. 2/3 Cursitor Street 




London EC4A IBQ(GB) 



03 
00 



© Link device for stretching sheet material and stretching apparatus using said link device. 

@ A link device for stretching a sheet material {1) consists 
of pantograph-like link member units {3) having a sub-link (4) 
held substantially at a right angle to the running direction 
and rollers (28) fitted to said sub-link (4). On account of the 
low running resistance of said roller (28) andthe-pantograph- 
like structure composed of long and short links (11), an 
endless guide-rail (7) can be introduced in the stretching 
apparatus for a sheet material (1) and the running of the 
chain (5) can be stabilized, thereby realizing a high-speed 
stable stretching operation. Reduction of the running resist- 
ance makes it easy to adjust the stretching ratios according 
to the stretching conditions. 
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TITLE OF THE INVENTION: 

LINK DEVICE FOR STRETCHING SHEET MATERIAL AND 
STRETCHING APPARATUS USING SAID LINK DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a link device or 
a linkage for stretching a sheet material, for . instance a 
thermo-plastic synthetic resin film, in the longitudinal, 
transverse or biaxial direction and to a stretching 
5 apparatus using said link device. 

2. Description of the Prior Art: 

Biaxial simultaneous stretching apparatuses using 
a link mechanism for a continuous synthetic resin film are 
proposed in Japanese Patent Publication No, SHO 43-5560 and 

10 Japanese Patent Publication No. SHO 44-7155. 

The stretching apparatus disclosed in Japanese 
Patent?, Publication No. SHO 43-5560 has a pair of stretching 
devices provided at opposite sides along the 
longitudinal direction of the stretching; apparatus. Each of 

15 the stretching devices comprises an endless link device 
comprising a plurality of link members arranged to form a 
pantograph structure, a plurality of sliding shoes provided 
at the bottom side of the endless link device, means for 
circulating "the endless link device and a rail unit to guide 

20 slidably the sliding shoes. The means for circulating the 
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endless link device comprises a first sprocket provided at 
the entrance of the stretching apparatus and a second 
sprocket provided at the exit of the stretching apparatus. 
The endless link device is meshed with the sprockets. The 
5 rail unit is provided between a position where the endless 
link device leaves from the first sprocket and a position 
where the endless link device connects with the second 
sprocket. The rail unit has an outside rail, a central rail 
and an inside rail. A first gauge between the outside and 

10 inside rails becomes narrow in the direction from the first 
sprocket to the second sprocket to reduce the height of and 
to expand the length of the pantograph structure for 
imparting a longitudinal stretching to the film. The 
sliding shoes comprise a series of outside shoes being 

15 slidably in contact with the outside rail, a series of 
central shoes being slidably in contact with the central 
rail a£d a series of inside shoes being slidably in contact 
with the inside rail. Each of the shoes is in . contact with 
each of the rails at the bottom and side surfaces thereof. 

20 ".The gauge between the rail units provided at both sides 

along the stretching apparatus becomes wide in the direction 
from the first sprocket to the second sprocket to impart a 
transverse stretching to the film. 

In the stretching apparatus disclosed .in Japanese 

25 .Patent Publication No. SHO 43-5560 mentioned above, an 



3 



0149878 



extremely large driving force is required on the sprocket , 
because the endless link device is supported movably on the 
rail via sliding sho.es which slide in contact with the 
surface of the rail unit. In the stretching apparatus, 
5 moreover, the shoes are in surface contact with the rails at 
their side surfaces and are forcibly slid along the rails 
a« moving from the entrance to the exit of the rails. This 
mechanism is a toggle mechanism and it brings about quite a 
large force acting between the rails and the shoes. 

10 Existence of such action runs counter to expectation of 
stability of circulation of the endless link device at a 
high speed operation of the stretching apparatus. In the 
stretching apparatus, further, it is not oblo to provide the 
rail unit around the sprockets because if the rail unit is 

15 provided around the sprockets, it occurs an interference 
between ^force acting on each of the sprockets and^fprce 
acting; on each of the shoes through the endless link device 
meshing with each of the sprockets. Thus in the stretching 
apparatus, the rail unit is provided only between both of 

20 • the sprockets. Such jiarrangement of rail unit is not 
suitable for jhagh speed operation of the stretching 
apparatus, because the shoes have to engage on and have to 
disengage .from the rail at the entrance of the sprocket and 
at the exit of the sprocket respectively:" Irt the stretching' 

25 apparatus, furthermore, since ^very large force acts on the 
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rails as mentioned above, it *s necessary to use rigidly 
built rails - When . changing a stretching ratio 

in the longitudinal direction, it is necessary to change the 
gauge between the outside rail and the inside rail. 

5 Changing the gauge between the rigidly built rails on the 
rail unit cannot be accomplished with a simple mechanism 
for varying and adjusting the gauge. Accordingly, in the 
stretching apparatus, a rail unit is changed with another 
one having a different gauge between the outside rail and 

10 the inside rail for varying the stretching ratio. This 
changing work costs workers in a factory immense trouble. 
Actually, therefore, the factory has to prepare several 
stretching apparatuses having different gauges to produce 
stretched films having different streching ratios if the 

15 factory wants to do so. 

Japanese Patent Publication No. SHO 44-71-55 
teache£ a stretching apparatus similar to the stretching 
apparatus shown in Japanese Patent Publication No. SHO 
43-5560 mentioned above except for rotatable rollers 

20 • provided to support the endless link device on the rail unit 
instead of the sliding shoes. Each of the rotatable rollers 
for supporting the weight of the endless link device is 
constructed by a caster roller which is swingable in a 
horizontal plane. Also in this "embodiment, the stability of 
25 circulation of the endless link device at high speed can not 
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be accomplished, because the caster rollers rec"e$V#'- ; '\ 
centrifugal force during travel of the endless link device 

around the sprockets and the directions of the caster 
rollers become unstable at that time. This phenomenon was 
5 clearly observed on the practical operation of the 

stretching apparatus having the same construction disclosed 
in Japanese Patent Publication No. SHO 44-7155 at a speed of 
about 200 m/min. or more. 
SUMMARY OF THE INVENTION 
10 An object of the present invention is to realize 

high-speed running of a special link in order to eliminate 
the above-mentioned drawbacks. 

Another object of the present invention is to make 
it possible to drive the link device and stretch the sheet 
15 material with stability even at a high speed. 

Still another object of the present invention is 
to provide a link device which can easily change the 
stretching: ratio of the sheet material and a stretching 
apparatus using said link device. 
20 : To accomplish these objects , in the link device of 

the present invention a paritograph-like link member unit 
consists of two kinds of link members, i.e. , long and short 
ones, and the links of the same length in the link" member 
unit are adjacently arranged in the running direction of the 
25 link member unit. To said link member unit is added a 
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sub-link which maintains a position normal to the running 
direction of the link member unit. 

A roller is fitted to the 
sub-link. Moreover to said link member unit is attached a 
5 guide-roller to regulate the degree of folding of said link 
member unit. A gripper to grip the side edge of the sheet 
material is fitted to the sub-link or to the link member 
unit. 

In the stretching apparatus of the present 
10 invention, at both sides of the sheet material there are 
provided a pair of rail units which regulate the relative 
positions of the guide-rollers and change the transverse 
stretching ratio of the sheet material. Each of the rail 
units consists of a pair of guide-rails and the gauge of the 
15 guide-rails is set so as to change the longitudinal 
stretching ratio of the sheet material. 

In the present invention thus constituted, the 
pantograph-like link member unit is not supported on sliders 
but supported on rollers. The roller, being attached to the 
20 sub-link which is attached substantially at a right angle to 
the running .direction of the link member unit such that said 
roller can move in the running direction of the link member 
unit, can rotate smoothly. As a consequence the total 
running resistance of the endless chain is extremely reduced 
25 as compared with the conventional one. Accordingly the 
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endless chain can be driven with a small force and in the 
section where the link member units mesh with the sprocket, 
the force can be reduced which is caused by the interference 
between the sprocket and the rail through the link member 
units. 

Moreover , since the link member unit consists of 
long and short link members , it is possible to mesh the link 
member unit with the drive sprocket in the state where the 
short link is stretched to the limit or nearly to the limit, 
thereby avoiding •any extremely large force caused by the 
interference between the drive sprocket and the rail through 
the link member units. Thus it is not necessary to cut off 

.the rail, even in the above mentioned section, and as a 
consequence, high speed running can be attained with the 
rail made endless. 

Moreover, since the force acting between the rail 
and th*e link is reduced even in sections other than in the 
above mentioned section, on account of the lower running 
resistance of the roller, stable running at high speed can 

• be realized. Furthermore, since the sub-link is directed 
substantially at a right angle to the running direction of 
the link member unit and the roller moves with stability 
always in the running direction, the link member unit can 
run at a high speed with stability. Thus stretching of the 
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sheet material can be accomplished at high speed and with 
stability. 

Also, since the force acting on the rail is small 
due to a decrease in the running resistance, the gauge of 
the guide-rails, which regulate the degree of folding of the 
link member unit through regulation of the relative 
positions of the rollers, can be easily changed by a small 
force. Therefore, an adjuster for adjusting the gauge 
between the guide-rails can be installed and the degree of 
folding of the link member unit can be easily changed 
meeting the necessary production requirements. 
BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects of the present invention 
will become more apparent and more readily appreciated from 
the following detailed description of the presently 
preferred exemplary embodiment of the present invention when 
taken in conjunction with the accompanying drawings, 
wherein: 

Figure 1 is a schematic plan view showing a 
I biaxial simultaneous stretching apparatus as one embodiment 
of -the present invention; : 

Figure 2 is a partial oblique view of a link 
device illustrated in Fig. lj 

Figure 3 is" a vertical" sectional view taken aldfig 
the line III-III of Fig. 2; 
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Figure 4 is a plan view of the device shown In • 

Pig. 2; 

Figure 5 is a plan view of a model of the link 
device in Fig. 4; 
5 Figure 6 is a plan view of a variation of a link 

device according to the present invention; 

Figure 7 is a plan view of a model of the link 
device illustrated in Fig, 6; 

Figure 8 is a plan view of another variation of a 
10 link device according to the present invention; 

Figure 9 is a plan view of a model of the link 
device illustrated in Fig. 8; 

Figure 10 is a plan view of still another 
-variation of a link device according to the present 
15 invention; 

Figure 11 is a plan view of a model of the link 
device^ illustrated in Fig. 10 ; 

~ Figure 12 is a plan vifew of one embodiment of the 
present invention with intermediate link units a<?ded to the 
20 ■ link device; 

Figure 13 is a plan view of a model of the link 
device illustrated in Fig. 12; 

Figure 14 is a plan view of another embodiment of 

the present invention with" ihtermeaiate link units added to 

25 the link device; 
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Figure 15 is a plan view of a model of the link 
device in Fig. 14; 

Figure 16 is a plan view of one embodiment of the 
present invention with a gripper attached to the link member 
5 unit? 

Figure 17 is a vertical sectional view of the link 
device wherein the roller is provided only at the lower part 
of the sub- link; 

Figure 18 is a plan view of an example of a 
10 guide-rail arrangement in the case where the sheet material 
is to be stretched only in the longitudinal direction; 

Figure 19 is a plan view of an example of a 
guide-rail arrangement in the case where the sheet material 
is to be stretched in the longitudinal direction and then in 
15 the transverse direction; 

Figure 20 is a plan view of an example of a 

f 

guide-Jcail arrangement in the case where the sheet material 
is to be stretched in. the transverse direction and then in 
the longitudinal direction; 
20 • Figure 21 is a schematic plan view of a stretching 

device .having only one sprocket for driving each of endless 
chains provided at both sides of the sheet material; 

Figure 22 is a plan view showing the vicinity of 
the position where a decreasing pitch section begins; 
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Figure 23 is a plan view showing an example of the 
means for providing a small intersecting angle between a 
short link and a short link at the position where a 
decreasing pitch section begins? 
5 Figure 24 is a vertical sectional view taken along 

XXIV-XXIV of Fig. 23; 

Figure 25 is a plan view showing another example 
of a means for providing a small intersecting angle of a 
short link with a short link at the position where a 
10 decreasing pitch section begins; 

Figure 26 is a plan view of a variation of the 
means illustrated in Fig. 25; 

Figure 27 is a plan view of still another example 
of the means for providing a small intersecting angle of a 
15 short link with a short link at the position where a 
decreasing pitch section begins; 

\ ' Figure 28 is a plan view of still another example 
of the means for providing a small intersecting angle of a 
short link with a short link at the position where a 
20 decreasing pitch section begins; and 

Figure 29 is a plan view of still another example 
of a means for providing a small intersecting angle of a 
short link, with a short link at the position where a 
decreasing pitch" section begins. 
25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Several embodiments of the present invention will 

be described below. 

In Fig.l which illustrates a biaxial simultaneous 
stretching apparatus for a sheet material according to the 
present invention, a film 1-1 as a sheet material 1 to be 
stretched is transported in the direction of the arrow* The 
film 1-1 is clipped by the grippers2, stretched biaxially in 
the longitudinal and transverse directions while being 
transported in the direction of the arrow. Each, gripper 2 is 
attached to the sub-link 4 fitted on the pantograph-like 
link member unit 3. The sub-link 4 is held substantially at 
a right angle to the running direction of the link member 
unit 3. A plurality of such link member units 3 are 
connected together, forming an endless chain 5 in a loop 
form. 

A roller 6 is attached to the link member unit 3. 
•The roller 6 engages a guide-rail 7. There are provided a 
pair of rail units, One rail unit is provided for each 
endless chain 5. Each rail unit is composed of a pair of 
guide-rails 7 . The guide-rail 7 is endless and the travel 
path of the link member unit 3 is regulated by the 
guide-rail 7. 3 . 

The endless chain 5 is driven by sprockets. In 
the present example, three sprockets 8, 9, 10- are provided 
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for each endless chain 5* For a drive sprocket , sprocket 9 , 
or 10 is preferable. 

The link member unit 3 is foldable, that is, can 
be shortened or lengthened through the movement of a 
5 plurality of link members which constitute said unit 3. The 
angle of folding of the link member unit 3 depends on the 
relative positions of the rollers 6 and said relative 
positions of the rollers 6 depend on the gauge of 
guide-rails 7. The angle of folding regulates the pitch of 

10 sub-links 4 and the pitch of grippers 2. 

In this example the pitch of grippers 2 is set 
short on the pre-heating section A for the film 1-1. On the 
stretching section B following the pre-heating section A f 
the pitch of grippers 2 is gradually widened and at the same 

15 time the running path of the gripper 2 is gradually spread 
toward the end of the stretching section B. Thus the film 
1-1 whj.ch As clipped on both, side edges with the grippers 2 
is stretched at the same time in the longitudinal direction 
and in the transverse direction in the stretching section B. 

20 I In the heatset section C following the section B, the pitch 
of grippers 2 is set nearly .constant. ...After the gripper 2 
releases the film and then is turned at the sprocket 9, the 

a; 

pitch of grippers 2 is made the longest in a longest gripper 
pitch section D. Then in a decreasing ~pitch section E 
25 following said section D, the pitch of gripper 2 is reduced 
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to the same pitch as that of the pre-heating section A. 
Through this cycle of lengthening and shortening of the 
gripper pitch, the film 1-1 can be continuously transported 
and stretched. 

Next, referring to Figs. 2-5, a description of the 
pantograph-like link member unit 3 will be made. 

The link member unit 3 includes short and long 
link members 11 connected foldably like a pantograph. The 
pantograph arrangement is as follows. There are short links 
12 and 13 , and long links 14 and 15. As indicated in Fig. 
3 this arrangement is symmetric with respect to the upper and 
lower side thereof, that is, the upper side of the 
pantograph is composed of short links 12-1 and 13-1 and long 
links 14-1 and 15-1, while the lower side of the pantograph 
is composed of short links 12-2 and 13-2, an£ long links 
14-2 and 15-2. 

Short links 12 and 13 are connected together by 
means of a connecting pin 17 provided at the junction 16, 
and long links 14 and 15 are connected together by means of 
- a connecting pin 19 provided at the junction 18. Short link 
12 and long link 14 as well as short link 13 and long link 
15 are connected together by a connecting pin 21 at the 
junction 20. And adjacent link member units 3 ar£ connected 
together by the connecting pin 21. 
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Long link 15 has an extended portion 22 on the 
side of the connecting pin 19. The extended portion 22 is 
about as long as the distance between the connecting pin 21 
and the connecting pin 19 for long link 15. Between the 
5 extended portion 22 and the junction 20 is disposed the 

sub-link 4. The stab-link 4 is swingably connected with the 
extended portion 22 via the connecting pin 23. Thus the 
connecting pin 23 constitutes the junction between the 
sub-link 4 and the extended portion 22. The sub-link 4 is 

10 swingably connected with the junction 20 by the connecting 
pin 21. Meanwhile , the connecting pin 21 and the sub-link 4 
are mutually slidable in a long slot 24 formed on the 
sub-link 4. Thus being rigidly connected at the connecting 
pin 23 and slidably connected at the connecting pin 21 

15 against the link member unit 3, the sub-link 4 can be held 
always substantially at a right angle to the running 
direction of said unit 3. 

As seen from Fig. 3, the sub-link 4 is an element 
with, a laterally extending U-shaped section in the vertical 

20 direction. On the top side and bottom side of said 

laterally extending U-shaped element there are provided an 
upward extending portion 25 and a downward extending portion 
26. The upward extending portion 25 and the downward 
extending portion 26 each has a support 27 fixed thereto. 

25 Each support 27 has a roller 28 which supports the link 
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©ember unit 3 and carries the sub-link 4 in the running 
direction of the link member unit. The roller 28 is 
rotatably held on the support 27. 

A gripper 2 for clipping£the side edge of the 
5 sheet material is protruded from the midway portion of the 
vertically extending portion of the sub-link 4. 

At the upper and lower ends of the connecting pins 
21 and 23 there are fitted guide-rolles 6 which are 
rotatable in the horizontal plane. It is preferred that 
10 guide-rollers are arranged vertically symmetric with respect 
to the plane F-F in which the sheet material is held by the 
gripper 2 . 

The guide-roller 6 engages the guide-rail 7. 
Thus the guide-rollers 6-1 and 6-2 fitted to the connecting 

15 pin 23 , respectively, engage the guide-rails 7-1 and 7-2. 
Meanwhile the guide-rollers 6-3 and 6-4 fitted to the 
connecting pin 21 r respectively, engage the guide-rails 7-3 
and 7-4. The guide-rails 7-1 and 7-2 are attached to the 
rail 100. The guide-rails 7-3 and 7-4 are attached to the 

20 Irail 101 which is slidably fitted to the rail 100. The 

roller 28 rolls on the rails 100 and 101. Thus the rollers 
28-1 and 28-2 move on the rail 100, while the rollers 28-3 
and 28-4 move on the rail 101. 

To the rail 101 4ls connected a gauge adjuster 102 

25 which slides and shifts the rail 101 against the rail 100. 
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Therefore, if the guide-rails 7-1 , 7-2 are called 
guide-rail 7a and the guides-rails 7-3 , 7-4 are called 
guide-rail 7b , the gauge between the guide-rail 7a and the 
guide-rail 7b can be adjusted by the action of the gauge 
5 adjuster 102. As modeled in Fig. 5, the degree of folding 
of the link member unit and the pitch of grippers 2 can be 
determined by adjusting the gauge between the guide-rails 7a 
and 7b. 

In this example with the above constitution, 
10 guide-rails 7 are arranged according to the stretching ratio 
of the sheet material 1, and the gauge between the 
guide-rails 7a and 7b in a pair of guide-rails 7 is adjusted 
according to the stretching ratio of the sheet material 1 to 
be stretched. Thus through a spread-out arrangement of the 
15 guide-rails 7 provided on both sides of the sheet material 
1, the running paths of the link member unit 3 which 
stretches the sheet material l'-.in the transverse direction 
and of the gripper 2 can be determined. Meanwhile through a 
gauge adjustment between the guide-rails 7a and 7b by the 
. 20 gauges-adjuster 102, the variation of the pitch of grippers 2 
which stretch the sheet material 1 in the longitudinal 
direction can be determined. 

The stretching in the longitudinal direction and 
in the transverse direction takes place ; simultaneously in 
25 the stretching section B. * 
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The link member unit 3 runs supported on the 

roller^28. The running resistance of the roller 28, which 

is free to roll, is remarkably lower than that of the 

conventional slider of the conventionel apparatus. 

5 Moreover, in the roller 28 which is fitted to the sub-link 

o 

4, the direction of its rotatd£ial movement invariably agrees 
with the running direction of the link member unit 3, 
resulting in a low stabilized running resistance. The 
guide-roller 6 is equally rotatable and accordingly the 

10 running resistance remains equally low between the 

guide-rollers 6-3, 6-4 and guide-rails 7-3, 7-4 to which is 
applied the stretching force of the sheet material 1. As a 
result the total running resistance of the endless chain 5 
is maintained low, and it is possible to drive the endless 

15 chain 5 with a small force. 

v 

As the driving force decreases, the force- is 
reduce^ which is likely^caused by the interference between 
the sprocket and the guide-rails 7-3, 7-4 through the link 
member -unit 3. Since the link member unit 3 is composed of 

20 long and short link members, it is possible to make the link 
member unit 3 engage with the sprocket 10 in the state when 
the short links 12 and 13 are stretched nearly to the limit,, 
and, as illustrated in Fig. 1, the sprocket 10 is taken as 
the drive sprocket. Thus it is possible to make the 

25 direction of the drive force transmitted from the drive 
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sprocket 10 via short links 12, 13 to the link member unit 3 
agree with the running direction of the link member unit 3, 
thereby making it possible to avoid the force caused by the 
interference between the sprocket 10 and the guide rails 7 
.*5 through the link member unit 3. Therefore, unlike in the 
conventional apparatus, it is needless to cut off the 
guide-rail 7 between the entrance and exit of the sprocket, 
and it is easy to make the guide-rail 7 endless. 

Since the guide rollers do not disengage from or 

10 engage with the guide rail at the entrance or exit of the 
sprocket due to th» pnrn ess guide rail, the endless chain 5 
runs smoothly, facilitating high speed running. 

Even in the pre-heating section A, the stretching 
section B, and the heatset section C the roller 28 gives an 

15 effect of reducing the running resistance of the link member 

.unit 3. Since the drive force to drive the endless* m chain 5 
♦ 

becomes small according to the decrease of the running 
resistance, the force of ~ the guide roller 6 with which it 
grasps the guide rail 7 decreases, thereby decreasing the 

20 • total running resistance of the endless chain. Moreover, as 
stated above, the. roller 28 rolls always in the running 
direction :of the link member unit and therefore the running 
resistance is maintained constant. Thus the link member 

~ unit J is- driven smoothly and Stably with "a high speedy arid 
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accordingly the stable stretching of the sheet material 1 is 
obtained. 

Since the force acting on the guide-rail 7 is 
small, the gauge between the guide-rails 7-3, 7-4 ana the 
guide-rails 7-1, 7-2 can be easily adjusted by the gauge 
adjuster 102. Thus the longitudinal stretching ratio of the 
sheet material 1 can be set or changed easily and 
continuously. Further, it is possible to design such a rail 
structure in which a gauge adjuster 102 can be installed 
outside of the system. Therefore, the procedures necessary 
for changing the longitudinal stretching ratio in the 
conventional apparatus such as an exchange of rail or 
sprocket are rendered needless and the work required for 
changing the streching ratio can be very much simplified. 

Unlike the slider in the conventional apparatus, 
the roller 28 yields the following benefits. First, the 
consumption of the lubricant, to be supplied between the rail 
and the roller 28 can be drastically decreased as compared 
with the use of the slider r resulting in a remarkable 
reduction of lubricant splashing on the film. Also, 
according to a reduction of the amount of iron powder 
produced by running of the endless chain, the quality of a 
film is improved drastically. Meanwhile, a decrease of 
abrasion compared- with the slider will prolong the life of 
the apparatus and cut back the expense for maintenance. 
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In the link member unit 3 of this example, the 
link members 11 and the guide-rollers 6 are arranged 
symmetrically with respect to the plane in which the sheet 
material 1 is held. And as a consequence the loads 
5 generating in any member of link member units 3 are well 
balanced. Accordingly there is no generation of a moment 
and twisting force making the running unstable and an 
excellent characteristic for high-speed running can be 
guaranteed. 

10 However, in the case where the stretching force of 

the sheet material is small and high speed running is not 
required, it is not necessary to arrange the link members 11 
and the guide-rollers 6 symmetric. 

Next another embodiment of the link device for the 
15 sheet material will be described. 

In the example illustrated in Figs. 6 and. 7, the 

i 

sub-li£k '4 lies over the junction 18 of long links 14 and 15 
and the junction 16 of short links 12 and 13 in said link 
member unit 3. 

20 Such a link mechanism requires a fewer number of 

members and yields a more simple structure than the link 
mechanism shown in Fig. 4. 

In an example illustrated in Figs. 8 and 9, unlike 
in Fig. 6 the guide-roller 6 is provided at the junction 18 

25 of long links 14 and 15 , at the junction 20 of long link 14 
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and short link 12 and at the junction 20 of long link 15 and 
short link 13. 

Such an arrangement of the guide-rollers 6, unlike 
the arrangement in Fig. 6, is triangular and therefore the 
5 engagement of the guide-roller 6 with the guide-rail 7 
becomes more stable and as a consequence the folding 
movement of the link member unit 3 becomes more stable. 

In the example illustrated in Figs. 10 and 11/ the 
sub-link 4 lies over the junction 18 of long links 14 and 15 
10 and the junction 16 of short links 12 and 13. The 

guide-roller 6 is provided each at the junction 16, at the 
junction 20 of long link 14 and short link 12 and at the 
junction 20 of long link 15 and short link 13. The 
guide-roller 6a at the junction 16 and the guide-roller 6b 
15 at the junction 20 are vertically staggered in position. 

Thus, in Fig. 10 the guide-roller 6a is disposed below the 
link member unit 3, while the guide-roller 6b is disposed 
above said unit 3. Accordingly, the guide-rail 7a engages 

with the guide-roller 6a below the unit 3, while the guide- 
s 

?0 rail 7b engag^with the guide-roller 6b above unit 3. In 
this example, the long links 14, 15 and the short links 12, 
13 are not arranged with the vertically symmetric formation 
illustrated in Fig* 3. 

In the above arrangement when a justing the gauge 

2 5 of the guide-rails, an interference between the guide-rails 
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7a and 7b can be avoided through vertical st^gf^^0^i^:' 
guide-rollers 6a, 6b and of the guide-rails 7a, 7b. In this 
way the numbers of the guide-rollers 6, the guide-rails 7 
and the link members can be decreased. Since the 
5 guide-rollers 6a and 6b are vertically staggered, the moment 
on the link member unit 3 in a vertical plane when the 
guide-rails 7a and 7b are clipped by guide-roller^ 6a and 
6b, can be countered by plates for preventing floating of 
the rollers 28. 

10 In the example of Figs. 12 and 13, an intermediate 

link unit is added, and a pair of intermediate links 40-1, 
40-2 which are rota tab ly connected to each other are 
connected to the adjacent long links 14 and 15 of two 
adjacent link member units 3. In addition to the sub-link 4 

15 provided above the link member unit 3, there is provided 
between sub-links 4, 4 an intermediate sub-link 42 lying 
over t^ie junctiion 20 of the long link and short link and 
over the junction .41 of- the link members 40-1 and 40-2 of 
the intermediate links 40. The guide-rollers 6 are provided 

20 lat the junction 18 of long links 14 and 15 and at the 

junction 20 of long links 14, 15 and short links 12, 13. 

In such an arrangement the pitch between the 
grippers 2 is shorter by introducing the intermediate 
sub-links 42. At the time of stretching a sheet material, 

25 particularly non-oriented film, a transverse necking is 
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liable to occur in non- gripped edges of both sides of the 
film between grippers which often causes a problem in 
production ana a deterioration in the quality of the 
product. In such a case it is desirable that the pitch 
S of the grippers 2 be made shorter and in this example just 
this effect can be obtained. Besides, the. number of 
guide-rollers 6 can be substantially decreased as compared 
with the numbers of sub-links 4, 42 and grippers 2. As a 
result, the running resistance of the guide-roller against 

10 the guide-rail 7 can be decreased and then the force 

required for driving the endless chain 5 can be decreased. 

For the purpose of realizing a higher speed 
running, the guide-rail 7 has to be made thicker for 
increasing rigidity and as a consequence an increase in the 

15 length of the link member is inevitable. However, the 
addition of the intermediate link 40 will guarantee, the 
rigidity of the link member unit 3, while the presence of 
the intermediate sub-link 42 will keep the pitch between 
grippers 2 short. Thus a high speed running can be realized 

20 I with the rigidity of every part secured. 

Figures 14 and 15 illustrate another example of 
adding a intermediate link. In this example the 
intermediate links 40 are added to the arrangement of Figs. 
10 and 11. Namely ; there are provided the intermediate link 
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40 and the intermediate sub-link 42 , while the guide-rollers 
6a and 6b are vertically staggered in position* 

In this arrangement, the intermediate link 40 
serves to guarantee the rigidity of the link member unit 3, 
5 while the intermediate sub-link 42 keeps the pitch between 
grippers 2 short. At the same time the numbers of 
guide-rollers 6, guide-rails 7 and link members can be 
reduced as compared with their numbers in the example of 
Figs. 12 and 13. 

10 Next the fitting position of the gripper 2 will be 

explained. 

In all of the above examples the. gripper 2 is 
attached to the sub-link 4 or the intermediate sub-link 42. 
.As ".illustrated in Fig. 16, however, the gripper 2 may be 
15 fitted to the link member unit 3. In the example of Fig. 
16, the gripper 2 is fitted to the end of the extended 
port ibfc 15a of one long link 15. The direction of the 
, gripper 2 fitted to the long link 15 will change depending 
on the folding movement of the link member unit 3. For a 
20 *. sheet material whose stretching is virtually unaffected by 
change of the direction of the gripper 2, application of 
■such an arrangement will be allowed. In the present 
example, if the sub-link 4 is a laterally extending U-shaped 
triember, an interference will occur .between the extended 
25 portion 15a and the sub-link 4 and to prevent the 



0149878 



- 26 - 

interference the affected part of the sub-link 4 is split 
into upper and lower members. 

Next, the connection system of the sub-link 4 will 

be explained. 

In all of the above examples the connection of the 
sub-link 4 on the side of long links 14, 15 is constructed 
such that only rotational movement is allowed, while the 
connection on the opposite side is made slidable in a long 
slot 24. The connection system is not limited to this 
embodiment, namely it is possible to make the connection on 
the side of long links 14, 15 slidable and to make the 
connection on the opposite side rotatable. In the latter 
case, the stretch tension transmitted from the gripper 2 
will be given to the link member unit 3 via the rotatable 
connection on the opposite side to the gripper 2. As a 
result the stretch tension will be more likely to be borne 
by thel guide-roller 6 ana the guide-rail 7 on the opposite 
side -to the gripper 2, and this will bring about the 
advantage of realizing stable stretching. 

1 Next, the arrangement of the roller 28 will be 

explained. 

As illustrated in Figs. 12 and 14, the roller 28, 
depending on the condition, need not be provided at every 
sub-link. For instance, according to the force acting on 
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each roller 28, the rollers 28 may be arranged at an 

interval of every other sub-link 4 or at a longer interval. 

Figure 3 is an example of rollers 28 being 

arranged in vertical symmetry. As shown in Pig. 17, 

5 

5 however, the rolle^28 may be provided only below the 

sub-link 4. In that case it would be desirable to provide 
the roller stoppers 103, 104 extending over the roller 
Then the vertical movement of the rolle^28 would be 
constrained and a dancing of the link member unit 3 in 
10 running as well as its rotational movement under action of a 
moment would be prevented. Thus even if the roller 28 
exists only below the sub-link 4, a smooth running with a 
low resistance will be guaranteed. 

Next, a typical pattern of stretching in the 
15 stretching apparatus according to the present invention will 
now be illustrated. 

Figure 1 shows an example in the case where the 
sheet material 1 is biaxially stretched at the same time. 
Figures 18, 19 and 20 6how examples of a guide-rail 
20 : arrangement for other typical patterns of stretching. 

Figure 18 is a case of the sheet material being 
stretched only in the longitudinal direction. In this case 
a pair of guide-rails 7 provided on both transverse sides of 
the sheet material aire arranged parallel to the running 
25 direction X of the sheet material. The gauge between the 
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guide-rails 7a and 7b in the pair of guide-rails 7 is 
adjusted to be parallel in section a, is gradually made 
narrower in section b and is again parallel in section c. 
Therefore, in section b the angle of folding of the link 
5 member unit 3 gradually changes , the pitch of grippers 2 
gradually increases and thus the sheet material is stretched 
in the longitudinal direction. The section a is a 
pre-heating zone and the section c is a heatset zone or a 
cooling zone. 

10 In this way, the stretching apparatus according to 

the present invention is available as a longitudinal 
stretching machine for stretching the sheet material in the 
longitudinal direction alone. Usually for the purpose of 
improving the surface property of the sheet material such as 

15 a film, the surface of material is subjected to coating or 
laminating with another film. A typical system for 
longitudinal stretching is a nulti -roll system utilizing the 
peripheral speed difference between rolls. When the coat or 
the composite layer is composed of a low-melting point 

20 material, the low-melting point material in contact with the 
surface of the rolls which can also pre-heat the sheet 
material becomes melted and sticks to the rolls, thereby 
resulting in failing to be stretched. In the system 
illustrated in Fig. 18 which can perform non-contact heating 

25 of the material, there is no sticking problem as exists in 
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the roll system and accordingly it is possible to make a 
longitudinal stretching of the sheet material coated with a 
low-melting point material , unlike in the roll system. 

Figure 19 is an example of stretching a sheet 
5 material in the longitudinal direction and then in the 

transverse direction. In this case a pair of guide-rails 7 
disposed on both sides of the sheet material in the 
transverse direction are arranged parallel to the running 
direction X of said material in sections a and b, but in 

10 section d these rails are gradually spread out, and again in 
section c they become parallel. The gauge between the 
guide-rails 7a and 7b is adjusted to be gradually narrower 
in section b and to be parallel in sections a, d and c. 
Thus the sheet material is preheated in section a, stretched 

15 in the longitudinal direction in section b, stretched in the 
transverse direction in section d and. heat-set or cooled in 
sectiofri c. In the conventional biaxial successive 
stretching system for stretching the sheet material in the 
longitudinal direction and then in the transverse direction, 

20 I separate stretching machines units are usually arranged in 
series. According to the present invention, as seen in Fig, 
19, biaxial successive stretching can be performed easily 
within a single device. 

Figure 20 is an example of stretching the~ sheet 

25 material in the transverse direction and then in the 
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longitudinal direction. A pair of guide-rails 7 are, in 
section a, arranged parallel to the running direction X of 
the sheet material, spread out in section d, and parallel 
again in sections b and c. The gauge between the 
5 guide-rails 7a and 7b is adjusted to be gradually narrower 
in section b and parallel in the other sections a, d and c. 
Thus the sheet material is preheated in section a, stretched 
in the transverse direction in section d, stretched in the 
longitudinal direction in section b and thermoset or cooled 
10 in section c. Thus, unlike the case of Fig. 19, the 

procedure for stretching in the longitudinal and transverse 
directions can be reversed. 

Figures 1, 18, 19 and 20 illustrate typical 
stretching patterns, but the present invention is not 
15 l imi ted to these patterns. For instance, when longitudinal 
stretching after biaxial stretching is demanded to -improve 
the m^phanical properties in the longitudinal direction in 
the recent needs of a film as a video and audio tape, the 
demand can be easily satisfied by adjusting the gauge 
20 *. between the guide-rails 7a and 7b gradually narrow in 
section c in Figs, 19 and 20. It is apparent that the 
present invention can also satisfy the demand, when 
transverse stretching after biaxial stretching is demanded. 
Further the present invention" could realize a two-step 
25 stretching such as additional longitudinal stretching after 
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longitudinal stretching or additional transverse stretching 
after transverse stretching. Thus the present invention can 
be adapted to whatever stretching sequence required from 
production needs* 
5 Figure 21 illustrates a different embodiment of 

the drive mechanism for the endless chain link 5 from that 
given in Fig. 1. In this embodiment there is one drive 
sprocket 50 for engaging each endless chain 5. The drive 
sprocket 50 is located at the position where the decreasing 

10 pitch section E begins. In this section E, the gauge 

between the guide-rails 7a and 7b is gradually increased, 
while the pitch of grippers 2 is gradually decreased. In 
this section E, the guide-rails 51a, 51b to guide the 
guide-roller 6 are provided as well as the guide-rails 7a 

15 and 7b. 

According to the present invention, in which the 
provision of roller 28 at sub-link 4 results in reducing the 
total running resistance of the endless chain 5, each 
endless chain 5 can be easily driven by only one drive 

20 ! sprocket 50. Jttxen the stretching machine is small and the 
load is light, the drive sprocket 50 may be located at the 
exit 52. In that case, the link member; unit 3 will be 
pulled in the running direction on the decreasing pitch 
section E and therefore "the guide-rails canbe" 

25 removed. If necessary, in addition to the drive sprocket 
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50, an auxiliary sprocket nay be provided at each turning 
point of the endless chain 5. 

Next, the intersecting angle between short links 
in the decreasing pitch section will be described. To 
5 reduce the running resistance of the endless chain 5, it is 
desirable as shown in Fig. 1 that the resistance between the 
roller 6 and the guide-rail 7 be made small by expanding the 
short links 12 r 13 to the limit in section D of the return 
side. For this reason, however, the short links 12 , 13 have 
10 to be folded on the reduced pitch section £ so that the 
pitch of grippers 2 may be decreased. 

Since the short links 12 , 13 expanded to the limit 
will be an obstruction, infinite force is required to fold 
the short links 12, 13 by engaging of the guide-roller 6 
15 with the guide-rail 7. For this reason it is arranged as in 
Fig. 1 that a sprocket 10 is provided at the position 

where the decreasing pitch section E begins, and, after the 
- intersecting angle between the short links 12, 13 is made 
less than 180° by engaging with said sprocket 10, the pitch 
20 - of grippers is decreased. Thus as indicated in Fig. 22, the 
intersecting angle K between the short links 12 and 13 can 
be obtained by making the link member junctions 16, 20 
engage the sprocket 10. The angle K thus set is determined 
by K = 2 x cos" 1 (1/ZR) , where R is the radius of pitch 
25 circle of the sprocket 10 , and 1 is the length of short 
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links 12 , 13 ; In order to obtain the smaller intersection 
angle K for the purpose of facilitating the reduction of the 
pitch of grippers 2 in the decreasing pitch section E, the 
method available will be to make the value of 1 larger or 
5 the value of R smaller in the above formula. There is, 
however, a limitation to the increase in the value of 1, 
because an increased 1 will mean an increased pitch of 
grippers 2, and resulting in necking and uneven stretching 
of the sheet material. 

10 on the contrary , decreasing the radius of the 

sprocket 10 will mean increasing unsteadiness of 
acceleration due to the rotational radius of the link device 
about the center of the sprocket being small and thereby a 
smooth running at high speed can not be expected. In 

15 addition, the heavy abrasion of the roller 28 caused by the 
unsteadiness of the acceleration of the roller 28 which 
supports the link device makes the maintenance troublesome 
and the high -speed running very difficult. - 

Some examples making the intersecting angle K 

20 ."between short links small without .increasing the length of 
the short links 12, 13 and decreasing the radius of the 
sprocket 10 will be illustrated below. 

In the example shown in Fig. 23, the sprocket 10-1 
provided at th£T position where "the reduced 'pitch section E " 

25 following the longest gripper pitch section D begins engages 
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with every junction 16 of the link member unit 3. Hamely, 
the sprocket 10-1 does not mesh with the junction 20 of 
short links 12 , 13 and long links 14 , 15 but with the 
junction 16 of short link 12 and short link 13. As 

5 indicated in Fig. 24 , the sprocket 10-1 engages with the 
link member unit 3 at the midway of the link member unit 3 
in the vertical direction thereof. 

As illustrated in Fig 23 , the short link 12 and 
the short link 13 of the adjacent link member units 3 are 

10 forcibly positioned in a straight row while the sprocket 10 
meshes with the link member unit. Thus the intersecting 
angle K between the short link 12 and the short link 13 in 
the link member units 3 is determined by the formula K = 2 
x cos"* 1 (1/R) . 

15 According to Vthe above formula for this 

arrangement, sprocket 10-1 with the radius two times the 
radius \of the sprocket in the case of Fig. .22 can be 
employed to get the same value of K as obtained in the case 
of Fig 22. Since the value of K can be made small with the 

20 1 radius of sprocket kept larger than necessary value , the 
reduction of the pitch of grippers can be easily 
accomplished at the same time with attainment of high-speed 
performance. 

In the example of Fig. 25, the short link "has a 

25 prominent portion 60 protruding in the opposite direction to 
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the Bide of long links 14, 15, and at the position where the 
decreasing pitch section E begins, a guide plate 61 is 
provided. The guide plate 61 engages with the prominent 
portion 60 and moves the junction 16 of short links 12 and 
5 13 to the side of long links 14 , 15. 

In this example, wherein the engaging face 62 of 
the guide plate 61 is linearly inclined as shown in Fig. 25, 
the prominent portion 60 can smoothly slide on the face 62. 
And at the end of the face 62, the angle K between short 
10 links 12, 13 is forcibly reduced to a desired value and thus 
the subsequent reduction of the pitch of grippers 2 is 
facilitated. The face 62 may be non-linear, or smoothly 
curvilinear. 

If the guide plate 61 in Fig. 25 is a rotatable 
15 disk 61-1 in Fig. 26, the relative slipping between the 

rotatable disk 61-1 and the prominent portion 60 will become 
. very ^nall, assuring a smoother Engagement. The engaging 
piece 61 or the rotatable disk 61-1 may be located at any 
position in the decreasing pitch section E. The guide plate 
20 61 or ^he rotatable disk 61-1 is desired to be designed so 
::: that the angle K becomes less than 170° to facilitate the 
subsequent reduction of pitch of grippers 2. 

In the example of Fig. 27, at the junction 16 of 
short links 12 and 13 there is provided Tan engaging piece 71 
25 which engages with the sprocket 10-2 and has a larger radius 
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than that of the engaging piece 70 provided at the junction 
which connects the adjacent link ©ember units 3. 

In this example the distance between the center of 
sprocket and the junction 16 becomes Ro + r, where Ro is the 
5 root circle radius on the tooth surface of the sprocket 10-2 
which engages with the engaging piece 71 and r is the radius 
of the engaging piece 71. 

In contrast , the distance between the center of 
the sprocket and the junction 20 is equal to R, i.e. the 
10 pitch circle radius of the sprocket 10-2. Accordingly the 
angle K becomes small according to the amount of Ro + r — R 
which represents the distance between the junction 16 and 
junction 20 in the radial direction. As a consequence even 
after the sprocket 10-2 releases the link members unit 3, 
15 the pitch of grippers 2 is easily decreased, and high-speed 
running can be obtained by making the radius of the sprocket 
large. 

In the example of Fig. 28 the pitch circle radius 
on the tooth surface of the sprocket 10-3 is made 

20 t alternately large and small, Thus r . the pitch circle 

diameter R 2 on the tooth surface 80 which engages with the 
junction 16 to connect short link 12 and short link 13 is 
made larger than the pitch circle radius Rj on the tooth 
surface 81 which engages -with the junction 20 connecting the 

25 adjacent link member units 3. 
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In this example the angle K between short links 12 
and 13 is given by X « 2cob~ 1 <(1 2 + R 2 2 - R 1 2 )/(2R 2 xl) ) . 
When R j " R 2' the state of F *9* 22 * B 9 ener *ted. The larger 
the value of Rj/R^ * B ' the sma ll e f will be the angle X. 
5 Therefore when ^^^1 * s a PP ro P r i ate ly set # a desired value 
of .K will be obtained, thereby facilitating decreasing of 
pitch of grippers 2. 

In the example of Fig. 29, a ring 90 is provided 
at the junction 16 of short link 12 and short link 13 , while 
10 at the position where the decreasing pitch section E begins 
a guide-plate 61 which engages with said ring 90 and shifts 
the junction 16 to the side of long links 14 , 15 is 
provided. 

In this example the ring 90 moves along the guide 
15 ; surface 62 of the guide-plate 61 and at the end of the guide 
surface 62 the angle K between short link 12 and short link 
13 is forcibly reduced to a required value. 

As" a result the subsequent reduction of the pitch 
of the grippers is facilitated. 
20 \ if the ring 90 is rotatably held, a smoother 

a reduction of the angle K will be possible. And if the guide 
.surface 62 is curvilinear f a smoother engagement will be 
possible. As the guide-plate 61, a rotatable disk may be 
employed. • 
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CLAIMS 



1. A link device for stretching a sheet material 

constituting an endless chain (5) which represents a loop of 
link member units with a plurality of link members (11) 
foldably connected in a pantograph manner, characterized in 
5 that: 

a) link members (11) constituting the four sides 
of said link member unit (3) include long ones and short 
ones, the link members of the same length being arranged 
adjacently in the running direction of the endless chain 

10 (5); 

b) a sub-link (4) held substantially at a right 
angle to the running direction of said link member unit (3) 
is provided at said link member unit (3) ? 

c) a roller (28) which supports said link member 
15 unit (3) and rolls in the running direction of said sub-link 

(4) is fotatably mounted on - , said sub-iink 

(4); 

:L d) a gripper (2) to grip the side edge of the 

' sheet material (1) to be stretched is fitted to one of said 
20 sub-link (4) and said link member unit (3) j and 

e) a guide-roller (6) to engage a " guide-rail (7) 
provided depending on the stretching- ratio of the sheet 
material (1) in the longitudinal and transverse directions 
is fitted to said link member unit (3) . 
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2. A link device of claim 1, wherein said sub-link 
(4) lies across ±he junction (18) of long links 114) and (15) 
and the junction (16) of short links (12) and (13) in said 
link member unit (3) , and said guide-roller (6) is provided 

5 each at the junction (18) of long links (14) and (15) and at 
the junction (16) of short links (12) and (13). 

3. A link device of claim 1, wherein said sub-link 
(4) lies acrossthe junction (18) of long links (14) and (15) 
and the junction (16) of short links (12) and (13) in said 

10 link member unit (3) , and said guide-roller (6) is provided 
each at the junction (18) of long links (14) and (15) and at 
the junction (20) of long link (14,15) and short link 
(12,13). 

4. a link device of claim 1, wherein said sub-link 
15 (4) lies across the junction (18) of long links (14) and (15) 

and the junction (16) of short links (12) and (13) . in said 
link member unit (3) , said guide-roller (6) is provided each 
at the junction (16) of short links (12) and (13)" and at the 
junction (20) of long link (14,15) and short link (12,13), 

20 - and thereby the guide-roller (6) at the junction (16) of 
short links (12) and (13) is vertically staggered in 
position from the guide-roller (6) at the junction (20) of 
long link (14,15) and short link (12,13). 
. : 5. a link device of claim f l, "wherein said sub-link 

25 (4) liesacross the junction (20) of long link (14,15) and 
short link (12,13) in said link member unit (3) and an 
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extended portion (22) of one long link (15) on the side of 
said junction (18) of long links (14) and (15), and said 
guide-roller (6) is provided each at the junction (20) of 
long link (14,15) and short link (12,13) and at the junction 
5 (23) of said sub-link (4) and said extended portion (22) of 
said long link (15). 

6. A link device of claim 1, wherein intermediate 

links (40) constituting of a pair of link members connected 
rotatably are provided between adjacent long links (14,15) 
10 of adjacent link member units (3), said sub-link (4) lies 
acrossthe junction (18) of long link (14) and long link (15) 
and the junction (16) of short link (12) and short link (13) 
in the link member unit (3) while an intermediate sub-link 
held substantially at a right anale to the running direction 
15 of said link member unit liesacross the junction (20) of long 
link (14 f 15) and short link (12,13) and the junction (41) of 
said i^iir of link members of said intermediate links (40), 
and said guide-roller (6) is provided at the junction (18) 
of long links (14) and (15) and at the junction (20) of long 
20 ; link (14,15) and short link (12,13) • 

7„ A link device of claim 1, wherein intermediate 

links (40) constituting of a pair of link members connected 
rotatably are provided between adjacent long links (14,15) 
of adjacent- link member units (3) k said sub-link- (4)- lies 
25 over the junction (18) of long links (14) ana (15) and the 
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junction (16) of short links (12) and (13) in ^ liiik 
member unit (3) while an intermediate sub-link held 
substantially at a right angle to the running direction of 
said link member unit liesacross the junction (20) of long 
5 link (14,15) and short link (12,13) and the junction (41) of 
said pair of link members of said intermediate links (40) , 
said guide-roller (6) is provided each at the junction (20) 
of long link (14,15) and, short link (12,13) and the junction 
(16) of short links (12) and (13), and said guide-roller (6) 
10 at the junction (16) of short links (12) and (13) is 

vertically staggered in position to said guide-roller (6) at 
the junction (20) of long link (14,15) and short link 
(12,13). 

8. A link device of claim 1, wherein said sub-link 
15 (4) is supported by said link member unit (3) on the long 

link (14,15) side and the short link (12,13) side in the 

1 * . • 

cross section normal to the running direction of the link 

member unit (3) , " the support on the long link (14,15) side 

being rotatable only and the support on the short link 

20 . (12,13) side being slidable. 

9. A link device of claim 1, wherein said sub-link 
(4) is supported by the link member unit (3) on the long 
link (14,15) side and on the short link (12,13) side in the 

~ cross section normal to the running direction of said Tink 
25 member unit (3) , the support on the short link (12,13) side 
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• being rota table only and the support on the long link 

♦ 

(14,15) side being slidable. 

10. A link device of claim 1, wherein a group of 

guide-rollers (6) are provided in said link member unit (3) . 
5 11. A link device of claim 10 , wherein the four-side 

link members (11) constituting said link member unit (3) and 
said guide-rollers (6) are provided in pairs vertically 
symmetric in position with respect to the plane in which the 
sheet material is held by said gripper. 
10 12. A link device of claim 1, wherein a group of 

rollers (28) is provided in said link member unit (3). 

13. A link device of claim 12, wherein said rollers 
(28) are provided^both above and below said sub-link. (4) 

14. A link device of claim 12, wherein said rollers 
15 (28) are provided^only below said sub-link (4). 

15. A stretching apparatus for a sheet material 
including a pair of endless chains (5) consisting of* a loop 
of link member units with a plurality of link members (11) 
foldably connected in a pantograph manner and a rail 

20 \ unit provided on each side - of the sheet meterial (1) to be 
stretched, characterized iri.thats 

a) said link members (11) constituting the four 
■ sides of said link member unit (3) include long and short 
25 ones, the link members of the same -length being arranged — - 
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Adjacently in the running direction of said endless chain 
(5); 

b) a sub-link (4) held substantially at a right 
angle to the running direction of said link member unit (3) 

5 is provided at said link member unit (3); 

c) a roller (28) which supports said link member 
unit (3) and roll* in the running direction of said sub-link 
(4) is rotatably mounted on said sub-link 
(4); 

10 d) a gripper (2) to grip the side edge of the 

sheet material (1) is fitted one of said sub-link (4) and 
said link member unit (3) ; 

e) a guide-roller (6) which decides the degree of 
folding of the pantograph link depending on the relative 

15 position thereof is attached to said link member unit (3); 

f ) each of said rail units comprises a pair of 
guide fails (7) arranged to guide said guide roller (6) and 
to suit the stretching ratio of the sheet material to be 
stretched in the longitudinal direction; and 

20 : g) said pair of rail units being arranged to suit 

the stretching ratio of the sheet material to be stretched 
-.in .the .transverse direction. : 
16, A stretching apparatus of claim 15 , wherein each 

of said "pair ~of guide-rails (7) is constituted bf~ "a loop 

25 endless rail. 
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17. A stretching apparatus of claim 15£ wherein said 
pair of guide-rails (7) are connected to a gauge adjuster to 
adjust the gauge between said guide-rails (7a, 7b) depending 
on the stretching ratio of the sheet material to be 

5 stretched. ^^It 

18. A stretching device of claim 1S£ wherein said pair 
of rail units laid on both sides of the sheet material (1) 
to be stretched are set parallel to the running direction of 
said sheet material (1) and the gauge between said 

10 guide-rails (7a, 7b) in pair is so adjusted as to allow said 
sheet material (1) to be stretched in the longitudinal 

direction alone. . • ' ,r<rn» 

19. A stretching apparatus of claim 15 , wherein there 
are provided a first stretching section and a second 

15 stretching section, in said first stretching section said 
pair of rail units are provided in parallel formation and 
the gauge between said pair of guide-rails (7a ,7b) is 
gradually decreased in the running direction -of the sheet 
material (1) and in said second stretching section the 

20 ." distance between said pair of rail units is spread out in 
the running direction of the sheet material (1) and the 
gauge between said pair of guide rails (7a, 7b) is kept 
constant so that the sheet material (1) is stretched in the 
longitudinal direction-in said first-stretching .section- -and 
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then stretched in the transverse direction in said second 
stretching section. . 

20. A stretching apparatus of olaim 15 , wherein there 
are. provided a first stretching section and a second 

5 stretching section, in said first stretching section said 
pair of rail units are spread out in the running direction 
of the sheet material (1) and the gauge between said pair of 
guide-rails (7a r 7b) is kept constant, and in said second 
Stretching section said pair of rail units are provided in 

10 parallel formation and the gauge between said guide-rails 
(7a, 7b) is gradually decreased in the running direction of 
the sheet material so that the sheet material (1) is 
stretched in the transverse direction in said first 
stretching section and then stretched in the longitudinal 

15 direction in said second stretching section, 

21. A stretching apparatus of olaim l^ f, wherein there 
is provided a stretching section in which said pair of rail . 
units are . spread out in the running "direction of the sheet 
material (1) and the gauge between said pair of guide-rails 

20 I (7a f 7b) is gradually decreased in the running direction of 
the sheet material (1) so that the sheet material (1) is 
stretched at the same time in both longitudinal and 
transverse directions. # 

22. A-steetcbing apparatus- of claim 15 ^, wherein each- 
25 of the endless chains (5) provided on both sides of the 
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sheet material CD to be stretched can be driven by one 

0 

drive sprocket (50) at the start position of a . 'decreasing 
pitch section (E) where the pitch of grippers (2) is 
decreased by folding movement of the link member unit (3) of 
5 said endless chain (5). • 

23. A stretching apparatus of claim 15 , wherein a' 
sprocket (10-1) which meshes not with the junction (20) of 
short link (12,13) and long link (14,15) but with the 
junction (16) of short link (12) and short link (13) of said 

10 link member unit (13) is provided at the start position of 
a decreasing pitch section (E) which comes after 
a gripper pitch section (D) where the pitch of the • 

grippers (2) in the endless chain (5) is the^longest. 

24. A stretching apparatus of c l aim 15^ wherein a 
15 prominent portion (60) protruding on the opposite side to 

the long link (14,15) side is provided on the short- .link (12, 

13) of' the link member unit (3) , and a guide plate (61) 

which engages said prominent portion (60) and moves the 

junction (16) of short links (12) and (13) to the side of 

20 '-long link (14,15) is provided at the start position of the 

decreasing pitch section (E) following the gripper 

pitch section (D) where the pitch of grippers (2) in the 

endless chain (5) is the longest. - _ «^ 

cuum "Vic of eJuu***Q I? » 1»2. 

25. A stretching - apparatus- of - c 1 a im 15 , where in at tha- 

25 junction (16) of short links (12) and (13) in said link 
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member unit (3) is provided a guide plate (71) which engages 
the sprocket (10-2) provided at the start position of the 
decreasing pitch section (E) following the gripper 
pitch section (D) where the pitch of the grippers (2) of the 
5 endless chain (5) is the longest and whose radius is larger 
than another guide plate (70) which engages said sprocket 
(10-2) provided at the junction (20) of short links (12) and 

26. A stretching apparatus of claim 1 5, wherein a 

10 sprocket (10-3) to engage with said link member unit (3) is 
provided at the start position of the decreasing pitch 
section (E) following the gripper pitch section (D) 

where the pitch of the grippers of the endless chain (5) is 
the longest, and the pitch circle radius (Rj) on the tooth 

15 surface (80) of said sprocket (10-3) which meshes with said 
link member unit at the junction (16) of short links (12) 
and (li) in said link member unit (3) is larger than the 
pitch circle radius (Rj) on the tooth surface (81) of said 
sprocket which meshes with said link member unit at the 

20 \ junction (20) of long link and short link. 

27. A stretching apparatus of claim 15, wherein a ring 
(90) is provided at the junction (16) of short link (12) and 
short link (12) in said .link (13) in said link member unit 

l X3) and_^t the start position of the. decreasing pitch 

25 section (E) following the hm gripper pitch section (D) 
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where the pitch of the grippers (2) of the endless chain (5) 
is the longest , a guide-plate (61) to engage said ring (90) 
and to neve the junction (16) of short links (12) and (13) 
to the side of long link (14,15) is provided. 
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